Interaction of 1,4 dihydropyridine calcium channel antagonists with biological membranes: lipid bilayer partitioning could occur before drug binding to receptors.
The binding of dihydropyridine calcium channel agonists and antagonists to receptors in cardiac sarcolemmal membranes is a complex reaction that may involve an interaction with the lipid bilayer matrix of the sarcolemma. Membrane/buffer partition coefficients (lambda) for three dihydropyridine calcium channel antagonists were measured directly in the sarcolemma and sarcoplasmic reticulum membranes and found to be in the range of 5,000 to 150,000. These drugs interact primarily with the membrane bilayer component of these membranes but may also bind to non-receptor proteins. The intrinsic forward rate constants for dihydropyridine binding to sarcolemmal calcium channel receptors were apparently not strongly dependent on their membrane partition coefficients. For example, nimodipine (lambda = 6300) had a forward rate constant of 6.8 +/- 0.6 x 10(6)/M/S, whereas the forward rate constant for Bay P 8857 (lambda = 149,000) was 1.4 +/- 0.8 x 10(7)/M/S. Model calculations for this binding reaction demonstrated that since these drugs are highly lipid soluble, the dependence of these rates on lipid solubility would probably not be reflected in the experimental forward rate constants. In addition, the intrinsic forward rate constant for nimodipine binding to sarcolemmal calcium channel receptors was found not to be linearly dependent on the viscosity of the buffer medium over a five-fold range. The rate of nonspecific (non-receptor protein) drug binding to highly purified sarcoplasmic reticulum membranes essentially devoid of specific receptors for these drugs appears to be extremely fast, at least 10(3) times faster than specific drug binding to the receptor in the sarcolemma. Thus, it appears that partitioning into the lipid bilayer matrix of the sarcolemma could be a general property of dihydropyridine calcium channel antagonists and may be a prerequisite for their binding to sarcolemmal membrane receptors.